Objective Mutations in the dysferlin gene cause limb-girdle muscular dystrophy (LGMD) 2B and Miyoshi myopathy (MM), which are collectively named dysferlinopathy. Dysferlinopathy is the most frequent type of LGMD in the Japanese population. Molecular genetic analysis is essential for the diagnosis of dysferlinopathy because of its variable immunohistochemical patterns of biopsied muscles, including patterns similar to normal controls. The analysis of the entire dysferlin gene however, is time-consuming and laborious; therefore a simple and rapid screening method to detect hot spot mutations in the dysferlin gene is essential for the diagnosis of dysferlinopathy. Methods We previously showed that 4 mutations, c.937+1G>A, c.1566C>G, c.2997G>T and c.3373delG account for 50% of all the mutations identified in Japanese dysferlinopathy patients. We performed a onetube multiplex PCR, followed by extension of primers for each mutation with a fluorescence-labeled dideoxynucleotide to screen the 4 hot spot mutations. Results The multiplex primer-extension reaction was developed on samples of known mutations. The extension products were represented as 4 different peaks that corresponded to a mutated nucleotide on electropherogram. Using the developed screening method, we were able to detect mutations in these hot spots in 3 samples out of 8 clinically suspected LGMD2B/MM patients in only approximately 8 hours. These 3 cases were definitely diagnosed as LGMD2B/MM by exonic sequencing. Conclusion We have developed a simple and rapid screening method which could facilitate the definitive diagnosis of dysferlinopathy, contributing to an understanding of the genotype-phenotype correlations for dysferlinopathy.
Introduction
The loss of dysferlin, resulting from homozygous or compound heterozygous mutations in the dysferlin gene (GeneID: 8291) causes dysferlinopathy, including autosomal recessive limb-girdle muscular dystrophy (LGMD) 2B, Miyoshi myopathy (MM) and distal anterior compartment myopathy (1, 2) . Dysferlinopathy is the most frequent type of LGMD in the Japanese population (personal communication by Dr. Yukiko Hayashi, National Center of Neurology and Psychiatry). Commonly, the diagnosis of dysferlinopathy is made by immunohistochemistry (IHC). However, IHC analyses with anti-dysferlin antibodies in LGMD2B/MM patients show multiple staining patterns, including patterns similar to normal controls. In addition, other types of LGMD, such as LGMD2A and LGMD1C sometimes show altered immunostaining patterns similar to LGMD2B/ MM (3). Therefore, molecular genetic analysis is essential for the diagnosis of dysferlinopathy. Because the dysferlin Department of Neurology, Kawasaki Medical School, Kurashiki, Department of Neurology, Nishitaga National Hospital, Sendai and Department of Neurology, Tohoku University School of Medicine, Sendai gene consists of 55 exons spanning more than 150 kb, molecular genetic analysis of the entire gene is time-consuming and laborious. Therefore, an easier method to screen for common mutations is now required to facilitate DNA-based diagnosis of dysferlinopathy. We previously showed that 4 mutations, c.937+1G>A, c.1566C>G, c.2997G>T and c.3373delG account for 50% of all the mutations identified in Japanese dysferlinopathy patients (4) . In this study, we have developed a simple and rapid screening method to detect these mutational hot spots in the dysferlin gene using fluorescent primer extension.
Materials and Methods

DNA samples
To develop a new screening method, we collected control DNA samples from patients genetically diagnosed with dysferlinopathy. Genomic DNAs from patients with MM (n=8), carrying the homozygous and heterozygous mutations at the hot spots c.937+1G>A, c.1566C>G, c.2997G>T, and c.3373delG in the dysferlin gene were used as positive controls, and 4 negative controls were applied to this study. Description of sequence variations are modified basically as recommended by the Ad-Hoc Committee for Mutation Nomenclature (AHCMN), with the recently suggested additions as follows; G1310A to c.937+1G>A (p.?), C1939G to c.1566C>G (p.Y522X), G3370T to c.2997G>T (p.W999C), and 3746delG to c.3373delG (p.E1125KfsX1134) (5) .
To test the usefulness of the newly developed method, we further collected 8 DNA samples from patients who were clinically suspected to have LGMD2B/MM based on the typical clinical picture and the muscle biopsy finding of dysferlin deficiency and 2 other LGMD patients as shown in Table 1 .
PCR
Pairs of primers were designed to amplify DNA fragments containing the 4 mutational hot spots (Table 2) . Multiplex PCR amplification was performed in 1 tube, with 35 cycles of 94°C for 15 second, 55°C for 30 second and 72°C for 1 minute. The resulting PCR products were purified using a PCR purification kit (Qiagen, Hilden, Germany).
Fluorescent primer-extension
Using purified PCR products as the template, multiplex primer-extension reactions were performed in 1 tube to detect hot spot mutations using a SNaPshot TM Multiplex Kit (Applied Biosystems, Foster City, CA). We designed nonlabeled extension primers to anneal just 5´of the mutated nucleotide. The primer length was altered by adding poly (dA) tails at the 5´end to vary the size of the extension products (Table 2) . Once the primer anneals, a single-base extension occurs by the addition of a complementary dideoxyribonucleoside triphosphate (ddNTP) to the 3´end of the annealed primer. In the present study, the 4 ddNTPs were fluorescently labeled as follows: black for G, green for A, blue for C and red for T. The primer extension reaction was performed in a final volume of 10 μL, containing 3 μL of PCR product (5 ng), 5 μL of SNaPshot ready reaction mix (ddNTP terminators, DNA polymerase) and 0.2 μM of each of the extension primers corresponding to the 4 hot spots. The cycling conditions were 25 cycles of 96°C for 10 second, 50°C for 5 second and 60°C for 30 second. Postextension treatment was conducted with 1 unit of calf intestinal alkaline phosphatase (Roche Molecular Biochemicals, Penzberg, Germany) for 60 minute at 37°C, followed by 15 minute at 75°C for enzyme inactivation. The samples were subjected to capillary electrophoresis on an ABI 310 Genetic Analyzer (Applied Biosystems) and analyzed using GeneScan software (version 3.1, Applied Biosystems).
Results
Pairs of primers for exonic PCR were designed to flank the mutated nucleotide, and the extension primers were designed to end 1 nucleotide 5´of the mutated nuceotide as shown in Fig. 1 . Electropherograms of the PCR samples after single nucleotide primer extension at the 4 hot spot mutations are shown in Fig. 2 . The extension products are represented as 4 different peaks that were determined by the primer length and the incorporated fluorescently labeled ddNTP. For the c.937+1G>A mutation, the control sample produced a black peak (G), the homozygous mutant sample produced a green peak (A), and the heterozygous sample produced a black and a green peak (G and A). As expected, cases of c.1566C>G and c.2997G>T mutation were also fluorescence detected and interpreted on the electropherograms. In the case of the c.3373delG mutation, the control sample produced a black peak (G), whereas the homozygous sample showed no peak, and the heterozygous sample pro-duced a smaller peak compared with the control sample. Direct sequencing was performed on these samples to verify the results of the fluorescent primer extension, and there was a complete concordance. The time required for the procedure was approximately 8 hour. Using the developed method, we actually screened the gene for mutations in 8 Japanese patients clinically suspected to have LGMD2B/ MM and 2 other LGMD patients (Table 1) 
Discussion
In this study, we developed a simple and rapid mutational screening method, in which both the genomic PCR and the primer extension reaction are multiplexed, and which takes only approximately 8 hour to detect mutations at any of the 4 Japanese LGMD2B/MM mutational hot spots in the dysferlin gene. This method is readily available for many laboratories, is easy to use and is suitable for a great many clinical samples. The design is flexible and more mutation sites could be added to the multiplex reactions.
Over the past 9 years, we have performed SSCP analysis of each exon of the dysferlin gene in over 150 samples from Japanese patients with clinically diagnosed or suspected LGMD2B/MM. Among them, we detected 28 different mutations in the coding region of the dysferlin gene, which were widely distributed along the entire length of the gene (unpublished data). However, using our newly developed screening method, we easily detected mutations at hot spots in 4 alleles out of 16 alleles in clinically suspected LGMD2 B/MM patients. By analyzing more samples, the sensitivity and specificity of our new method will be determined.
We propose that our rapid screening method could be applied initially to the genomic screening for dysferlinopathy, which could detect up to 50% of the mutations in Japanese dysferlinopathy patients. Further, precise analyses by SSCP, gene chip or other mutation detection methods will be necessary only in the screening-negative cases. This novel screening method could facilitate the definitive diagnosis of dysferlinopathy, thereby contributing to an understanding of the genotype-phenotype correlations for this disease.
